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'XXII. An Account -of Experiments made by Mr. John M* Nab s 
at Henley Houfe, Hudfon's Bay, relating to freezing Mixi 
tures. By Henry Cavendifli, Efy, F.. R..S. and A. S. 



Read February 33, 1786. 

TN my obfervations on Mr. Hutchins's Experiments, 
printed in the LXXIIId volume of the Philofophical Trail- 
factions, I gave my opinion concerning the caufe of the cold 
produced by mixing mow with different liquors. As there 
were fome circumftances, however, which feemed to form a 
difficulty in the way of this opinion, I was defirous of having 
further experiments made on the fubjedt; and at the fame 
time I thought that, by proper management, a greater 
degree of cold might be produced than had hitherto been 
done. On mentioning the experiments I wimed to have 
made to Mr. Hutchins, he very obligingly defired Mr. 
M c Nab, Matter at Henley-Houfe, to try them; who was (o 
good as to undertake the bufinefs, and has executed it in the 
raoft fatisfa&ory manner ; as he has not only taken great pains, 
but has (hewn the utmofl: attention and accuracy, in obferving 
and relating all the phenomena which occurred, and hasmani- 
fefted great judgement in frequently adapting the manner of 
•trying the experiments to appearances which occurred in for- 
mer ones, to which we are indebted for great part of the moft 
curious facts in this paper. -His endeavours have alfo been 
attended with much fuccefs, as he has not only (hewn many 
remarkable circumftances relating to the freezing of the nitrous 
Vol. .LXXVI. J i and 
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and vitriolic acids, and the phenomena of freezing mixtures; 
but has alfo produced degrees of cold greatly fuperior to any 
before known. 

i. In the above-mentioned Paper I faid, that the cold pro- 
duced by mixing fpirit of nitre with fnow, is owing to the 
melting of the fnow ; and that in all probability there is a 
certain degree of cold, in which fpirit of nitre is fo far from 
diffolving fnow, that it will yield out part of its own water, 
and fufFer that to freeze, as is the cafe with folutions of com- 
mon fait; fo that if the cold of the materials, before mixing, 
is equal to this, no additional cold can be produced. A cir- 
cumftance, however, which at firft fight feems repugnant to 
this opinion, occurred in an experiment of Fahrenheit's for 
producing cold by a mixture of fpirit of nitre and ice ; namely, 
that the acid, which had been repeatedly cooled by different fri- 
gorific mixtures, was found frozen before it was mixed with 
the ice ; notwithstanding which, cold was produced by the mix- 
ture. Profeffor Braun alfo found, that cold was produced by 
mixing frozen fpirit of nitre with fnow. On con(rderation r 
however, this appeared by no means inconfiftent with the opi- 
nion there laid down, as there was great reafon to think, that 
the freezing of the acid was of a different kind from that con- 
fidered in the above-mentioned Paper, and that it did not pro- 
ceed from the watery part feparating from the reft and freez- 
ing ; but that the whole acid, or perhaps the more concentrated 
part, froze ; in which cafe it would not be extraordinary that 
the acid mould diflblve more fnow,. and produce cold. 

2. To clear up this point, I fent to- Hudfon's Bay a bottle of 

fpirit of nitre, of nearly the fame fbength as Fahrenheit's^ 

and delated Mr. M c Nab to expofe it to the cold, and, if it 

froze, to afcertain the temperature,, and decant the fluid part into 

3 another 
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another bottle, and fend both home to be examined, as it 
would thereby be known, whether it was the whole acid, or 
only the watery part, which froze, For the fame purpofe alfo I 
fent fome dephlogifticated fpirit of nitre of the fame ftrength, 
and alfo fome ftrong oil of vitriol. I alfo fent fome fpirit of 
nitre and fpirit of wine, both diluted with fo much water, that 
it was expected, that with the cold of Hudfon's Bay they 
would furTer the firft kind of congelation ; that is, their, wa- 
tery part would freeze, and thereby make the difference between 
the two kinds of freezing more apparent. 

3. In the fame Paper I fay, " That on adding mow gra- 
" dually to fome of the fpirit of nitre ufed by Mr. Hutch IN6, 
" I found, that the addition of a fmall quantity produced heat 
" inftead of cold ; and it was not until fo much was added as to 
" increafe the heat from 28 to 51 , that the addition of more 
" fnow began to produce cold ; the quantity of fnow required 
" for this purpofe being pretty exactly one quarter of the 
" weight of the .fpirit of nitre, and the heat of the mow and 
" air of the room, as well as the acid, being 2 8°. The reafbn 
" of this is, that a great deal of heat is produced by mixing 
" water with fpirit of nitre, and the ftronger the fpirit is, the 
** greater is the heat produced. Now it appears from this 
" experiment, that before the acid was diluted, the heat 
" produced by its union with the water formed from the melted 
" fnow was greater than the cold produced by the melting of 
" the fnow ; and it was not till it was diluted by the addition 
*' of one quarter of its weight of that fubftance, that the cold 
*' generated by the latter caufe began to exceed the heat gene- 
" rated by the former. From what has been faid, it is evi- 
" dent, that the cold of a freezing mixture, made with the 
" undiluted acid, cannot be quite fo great as that made with 

lis «« the 



#4'4 $& % Cavendish^ Account of fome 

«* the fame acid, diluted with, a quarter of its weight of watery 
** fuppofing the acid and fnow to be both at 28 of heat ; and 
" there is no reafon to think, that the event; will be different if 
" they are colder; for the undiluted acid will not begin to 
44 generate cold, until fo much fnow is diffolvedas to increafe 
"' its heat from 2 8° to 51% fo that no greater cold will be 
** produced, than would be obtained by mixing the diluted acid 
" heated to 5 1° with fnow of the heat of 28 , This method 
'■* of adding fnow gradually to an acid, is much the befl way 
"I know of finding what flrength it ought to be of, in order 
" to produce the greatefl efFedl poffible." 

As it feemed. likely that, by following this method,, a greater 
degree of cold might be produced than had been done hitherto,, 
I fent three other bottles of fpirit of nitre and oil of vitriol, all 
three diluted, but not fo much fo, but that I thought they 
would require a little further dilution, in order to reduce them 
to their properefl degree of flrength. I alfo fent a bottle of 
highly rectified fpirit of wine, and' a mixture of equal quanti- 
ties of the above-mentioned common fpirit of nitre and oil of 
vitriol ; and defired Mr. M ? Nab to find what degree of cold 
could be produced by mixing them with fnow, after having 
firfl reduced them,, in the above-mentioned manner, to their befb 
degree of flrength *.. 

tie was alfo defired to afcertain how much; fnow he added j. 
for as their "flrength was determined before they were fent out, 
it would thereby be known what was the befl flrength of thefe 
liquors for frigorific mixtures. 

* This might have been done at home ; but I thought it not unlikely that thet 
fti-ength found this way. might differ, in fome meafure,, according to the heat in- 
'B'hiah. the experiment was tried. 
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All thefe bottles were numbered with a diamond ; and as I 
tiall fometimes diftinguifh them by thefe numbers, and as it 
may be of ufe to thofe who may confult the original, I have 
added the following lift of thefe bottles, with their contents. 



N° 



168 
27 

103 
28 



151 

142 

J 39 
141 

143 

72 
171 



Liquors mentioned in Art. 3. 



Spirit of nitre, . 

Dephlogifticated fpirit of nitre, . 

Diluted oil of vitriol, 

Equal weights of N° 168. and N° 1 03. 
Very highly rectified fpirit of wine, . 

Liquors mentioned in Art, 2. 



Strong oil of vitriol, 

Spirit of nitre, . . ....... 

Some of the fame diluted with twice its weight 1 
of water, J 

Dephlogifticated fpirit of nitre^ , . . . 
Some of the fame fpirit of wine as in N° 8. ") 



diluted with r| its weight of water, 



J 



Dilutedoilofvitriolfor comparing the thermometers, 
Oil of vitriol of about the ufual ftrength, but tht 
exaft ftrength not known, intended to refrell 
the former when too weak. 



Weight of 
marble which 
they diflblye. 



Specific 
gravity at 
6o°ofheat. 



,582 

,53 

,654 



,98 
>5 2 5 



,53 



,629 



I.437I 
1,4040 

J.559 6 



> 8l 95 



1,8437 
1,4043 



1.4033 



4. ProfeiTor Braun fays,- that by mixtures of fnow and: 
Spirit of nitre he funk thermometers filled with oil of fa(Tafrasv 
and fome other effential oils, to — ioo° or — 124 ; and that, by 
rhe fame means, he funk thermometers filled with the higheft* 
re&iried fpirit of wine to - 148°. Though there feemed great 
reafqn to think, from Mr. Hutch i-n-s's experiments, that- there- 
mull be feme miftake in this'; yet, as it was poffible that the 
effential oils, and even fpirit of wine of a ftrength much different 
from that with which Mr. Hutchins's thermometers were 
filled,,, might follow a confiderably different progreflion in their 

contraction! 
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contra/Elton by great degrees of cold, I fent a thermometer 
filled with oil of faflafras, and two others with fpirits of wine* 
One of thefe laft was filled with thehigheft re&ified fpirits I 
could procure, its fpecific gravity at 6o° of heat being ,8185; 
the other was intended to be filled with common fpirits, though 
from circumftances I am inclined to fufpedl: that alfo to have 
been filled with the beft fpirits. Befides thefe, there was fent a 
mercurial thermometer, accurately adjufted, according to the 
directions of the Committee of the Royal Society, printed in 
the LXVlIth volume of the Tranfadtions ; and alfo the two 
fpirit thermometers ufed by Mr. Hutchins, which were filled 
with fpirits whofe fpecific gravity was ,8247. 

5. Thefe thermometers were compared together by fixpofing 
them to the cold, with their balls immerfed in a glafs veffel 
filled with diluted oil of vitriol. They were at times alfo com- 
pared in cold more violent than the natural cold of the climate, 
by adding mow to the acid in which they were tried, in which 
cafe care was taken to keep the mixture frequently ftirred. Oil 
of vitriol was recommended for this purpofe, as a fluid which 
would moft likely bear any degree of cold without freezing, 
and whofe natural cold might be much increafed by the addition 
of fnow. It feems to have anfwered the purpofe very well, 
and not to have been attended with any inconvenience. 

During the firft comparifon of thefe thermometers, a whitifh 
olobule, fuch as thofe which appear in frozen oil, was ob- 
served in the tube of the thermometer filled with oil of fafla- 
fras. This appearance of congelation did not much increafe; 
but two days after a large air bubble was found in its ball, 
which prevented Mr. M c Nab from making further obferva- 

tions with it. 

It 
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It is well known, that fpirit of wine expands more by a 
given number of degrees of a mercurial thermometer in warm 
temperatures than in cold ones ; and this inequality, as might 
be expected, was lefs in the ftronger fpirit than in the weaker, 
but the difference was inconfiderable. The oil of faffafras alfo 
had fome of this inequality, but much lefs. It however ap- 
pears to be by no means a proper fluid for filling thermometers 
with. No appearance was obferved which indicates any confi- 
derable irregularity in the contraction of fpirits of wine in in- 
tenfe cold, or which renders it probable, that thermometers 
filled therewith could be funk by a mixture of fnow and fpirit 
of nitre to a degree near approaching to that mentioned by 
Profeflbr Braun. 

6. Mr. M c Nab in his experiments fometlmes ufed one 
thermometer and fometimes another; but in the following 
pages I have reduced all the obfervations to the fame ftandard; 
namely, in degrees of cold lefs than that of freezing mercury 
I have fet down that degree which would have been (hewn by 
the mercurial thermometer in the fame circumftances ; but as 
that could not have been done in greater degrees of cold, as the 
mercurial thermometer then becomes of no ufe, I found how 
much lower the mercurial thermometer ftood at its freezing 
point, than each of the fpirit thermometers, and increafed the 
cold (hewn by the latter by that difference. 

On the common and dephlogiftlcated Acids of Nitre, 

The following experiments (hew, that both thefe acids are 
capable of a kind of congelation, in which the whole, and not 
merely the watery part, freezes. Their freezing point alfo 

differs 



24§ Mr. Cavendish's Account qffome 

differs greatly according to the ftrength, and varies according 
to a very unexpected law. Like water too they bear being 
cooled very much below their freezing point before the conge- 
lation begins, and as foon as that takes place, immediately rife 
up to the freezing point. 

7. On the morning of Feb. 1. the common and dephlo- 
gifticated (pirits of nitre, N° 142 and 141, whofe fpecific gra- 
vities were 1,4043 and 1,4033, were found clear and fluid, 
the cold of the air at that time being - 47 . They alfo bore 
being (hook without any alteration ; but on taking out their 
ftoppers, both of them in a few minutes began to freeze, the 
congelation beginning by a white appearance at top, which 
gradually fpread to the bottom ; and they became lb thick as 
not tb move on inclining the phial. For want of a thermo- 
meter whofe ball reached far enough below its fcale, Mr. 
M° Nab was not able to determine their cold while in the 
bottle ; but in fomewhat more than an hour's time, the frozen 
acid had fo much fubfided as to admit of his pouring a little 
fluid matter out of each into a glafs with a thermometer in 
it*; whereby the cold of the common fpirit of nitre was 
found to be - 3 l°f, and that of the dephlogifticated acid — 30 , 
the temperature of the air being —41°. Each of thefe de- 
canted liquors,, at the time their temperature was tried, was 
full of .fmall fpkula of ice: they were then put into phials 
well ftopped, and they, as well as the undecanted liquors, fent 
home to be examined. The decanted part of the common 

• It may be aiked, why it was mote poffible lo decant any -liquor at this time 
than at firft, as the acid was all the while expofed to a cold much below the 
freezing point? The rjeafon in all probability is, not that any part of the ice firil 
formed diffolved, but that the fmall filaments into which it ihot .collected toge- 
ther, and in fome raeafnre fubiided to the bottom. 

i fpirit 
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fpirit of nitre diflolved ,535 of its weight of marble, and the 
undeeanted part ,523 ; for which reafon I mall call the ftrength 
of the former ,535, and that of the latter ,523 ; which mode of 
reckoning is obferved in the remainder of this Paper. The 
ftrength of the decanted part of the dephlogifticated acid was 
,56, and that of the undeeanted part ,528; fo that it appears 
that in each of thefe acids the unfrozen part was a little 
ftronger than the frozen part. It is remarkable, that in the 
common fpirit of nitre, the decanted part, though ftronger 
than the other, was paler coloured and lefs fuming. 

8. On Dec. 21, the temperature of the air being - 28 , 
feme dephlogifticated fpirit of nitre (N° 27.) of nearly the 
fame 'ftrength as the former acid, was poured into a jar, in 
order to be diluted with fnow, as recommended in Art. 2. Im- 
mediately after it was decanted, it began to freeze, in the fame 
manner as before defcribed, except that a, lefs portion of it 
feems to have congealed : its temperature, tried by dipping a 
thermometer into it, was — 19°, where it remained ftationary 
for many minutes; it was then diluted with fnow, as will be 
mentioned in Art. 14. whereby its ftrength was reduced to 

>434« 

9. On Dec. 29th, this diluted acid was completely melted, 

and half of it poured into a jar with a ground ftopper, and 
both portions expofed to the air. In the morning they were 
perfectly fluid ; but on taking the ftopper out of the jar, 
and dipping in it a thermometer, the acid immediately froze, 
beginning by forming a white coat round the ball of the ther- 
mometer, which gradually fpread through the whole fluid ; 
and at the fame time the thermometer rofe till it ftood ftatio- 
nary at - 5 . The cold of the acid before it began to freeze 
muft have been about -30°!, that being the temperature of a 
Vol. LXXVI. K k glafs 
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glafs of vitriolic acid ftanding near it; but the thermometer 

which was dipped into it was five or fix degrees colder, which 

feems to be the caufe of the congelation beginning round the 

ball. 

In the afternoon a thermometer was dipped into the other 
half of the acid, where, as the weather had grown lefs cold, 
it flood above a minute at - 25 , without freezing ; then, how- 
ever, the acid froze, with the fame appearance as in the morn- 
ing, and at the fame time the thermometer rofe to — 4 , and 
became ftationary. 

This acid, being left in the air with the thermometer in it, 
was found in the evening at - 45 ; it however was not intirely 
frozen, being only thick as an unguent, which mews that the 
unfrozen part muft have been of a different ftrength from the 
frozen part; but it does not appear whether ftronger or weaker. 
The next morning it was frozen folid, though the cold was 
only half a degree greater. 

On Jan. 16th, this acid was again tried in the fame manner ; 
it then fuffered a thermometer, whofe ball had been previoufly 
warmed in the hand, to be dipped into it, and remain there 
feveral minutes without freezing, though its temperature was 
- 35°. But on lifting up the thermometer, a drop fell from its 
ball into the acid, which immediately fet it a freezing, and 
it rofe up to — 4°| . 

10. On Dec. 2 2d, the fpirit of nitre (N° 168.) which a 
few days before had been diluted with fnow, fo as to be re- 
duced to the ftrength of ,41 1, was divided into two equal parts, 
and expofed to the cold. Qn Dec. 29th, when the temperature 
of the air was - i/°l, one of thefe parts was found beginning 
to freeze; the other was fluid, but began to freeze on dipping 
in a thermometer ; the thermometer in both kept ftationary at 
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,— t°|. The latter was twice re melted and expofed to the 
cold, and both times the temperature of the frozen acid came 
out the fame as before. 

ir. The white colour of the ice in thefe experiments feems 
owing only to its confifting of very {lender filaments ; for in 
fome cafes, where it froze flower, and where, in confequence, 
it fhot into larger folid mafles, they were tranfparent, and of 
the fame colour as the acid itfelf. By the continuance of a 
fufficient cold, the acid, which by hafty freezing put on the 
white appearance, would become hard folid ice, but yet ftill 
retained its white appearance, owing perhaps to the filaments 
firft fhot confifting of an acid differing in ftrength from that 
which froze afterwards, and filled up the interfaces. 

In all thefe experiments, whether the ice was formed into 
minute filaments or folid mafles, flill, whenever there was a 
fufficient quantity of fluid matter to admit of it, they con- 
stantly fubfided to the bottom ; a proof that the frozen part 
was heavier than the unfrozen. The difference indeed is fo 
great, that in one cafe where it froze into folid cryftals on the 
furface, thefe cryftals, when detached by agitation, fell with 
force enough to make a tinkling noife againft. the bottom of 
the glafs. 

Thefe acids contract very much on freezing. Whenever the 
acid is frozen folid, the furface, inftead of being elevated 
in ridges, like frozen water, is deprefled and full of cracks. 
In one experiment Mr. M c Nab, after a glafs .. almoft full of 
acid was nearly frozen, filled it to the brim with frefh acid; 
and then, after it was completely frozen, the furface was vifi- 
bly deprefled, with fiffures one-eighth of an inch broad, ex- 
tending from top to bottom. It is this contraction of the acid 
in freezing which makes the frozen part fubfide in the fluid 

K k 2 part ; 
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part ; as it was found, in the undiluted acid, that the latter con- 
lifted of a ftronger, and confequently heavier, acid than the 
former. But ftill the fubfidence of the frozen part (hews, that 
the ice is not mere water, or even a very dilute acid ; which 
indeed was proved by the examination of the liquors fent 
home. 

The ninth and tenth articles ihew, that though the acids 
bear being cooled greatly below the freezing point, without 
any congelation taking place, yet as foon as they begin to 
freeze they immediately rife up to their freezing point ; and 
this point is always very nearly, if not exa&ly, the fame in the 
fame acid ; for thofe acids were frozen and melted again three 
or four times, and were cooled confiderably more below the 
freezing point in one trial than another, and yet as foon as 
they began to freeze the thermometer immerfed in them con- 
ftantly rofe nearly to the fame point. 

The quantity which thefe acids will bear being tooled below 
the freezing point, without freezing, is remarkable. The 
diluted fpirit of nitre, whofe freezing point is — L°f, once bore 
being cooled to near — 39°, without freezing, that is, near 37 
degrees below its freezing point. The diluted dephlogifticated 
fpirit of nitre, whofe freezing point is - 5 , bore cooling to — 35°; 
and the dephlogifticated fpirit of nitre (141) whofe true freezing 
point is moil likely — 19 (fee next article) bore being cooled to, 
— 49° : perhaps too they might have born to be cooled confi- 
derably lower without freezing, but how much does not appear. 
It muft be obferved, however, that the fame diluted fpirit 
which at one time bore being cooled to — 39 , at another froze, 
without any apparent caufe, when its cold was certainly lefs 
than — 30% and moft likely not much below - 18 . 

4 32. 
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i 2. The freezing point differs remarkably, according to the 
ftrength of the acid. In the diluted dephlogifticated and com- 
mon fpirit of Art. 7. and 8. the freezing point was — 5 and 
;-i°|. In the dephlogifticated and common fpirit of 
Art. 5. the decanted parts of which were ftronger than the 
foregoing in fcarcely fo great a proportion as that of four to 
three, it feemed to be - 30 and - 3 1 °i . It may indeed be fuf- 
pecled, that as this point was determined only by pouring a 
fmall quantity of the acid into a glafs, at a time when the air 
and glafs were much colder than the acid, thefe decanted 
liquors might be cooled by. the air and glafs, and thereby make 
the freezing point appear lower than it really was : but I do 
not think this could be the cafe; for as the decanted liquors 
were full of fmall filaments of ice, they could hardly be cooled 
fenfibly below their freezing points without freezing ; and any 
cold, communicated to them by the air or glafs, would ferve 
only to convert more of them into ice, without fenfibly in- 
creafing their cold : fo that I think this experiment determines 
the true freezing point of their decanted part ; but it muft be- 
obferved, that as the decanted part was rather ftronger than 
the reft, it is very poffible that the freezing point of the un de- 
canted part might be confiderably lefscbld. 

A circumftance which might incline one to think, that' the 
way by which the freezing point was determined in this expe- 
riment is defective is, that the freezing point of the dephlo- 
gifticated acid N° 27. though nearly of the fame ftrength as 
that laft mentioned, but rather ftronger, was much lefs low, 
being only - io°. But I have little doubt that the true reafon 
of this is,, that in the former acid the ftrength of the decanted 
part, which is the part whofe freezing point was tried, was found 
to be at leaft ^ greater than that of the whole mafs ; whereas 

in 
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in N° 27. the fluid part was in all probability not fenfibly 
ftronger than the whole mafs; for as N° 27. was cooled only 
ieven degrees below the freezing point, and its temperature 
was tried foon after its beginning to freeze, not much of the 
acid could have frozen ; whereas the other was cooled 1 5 degrees 
below its freezing point, and was expofed for an hour or two 
to an air nod much lefs cold, in confequence of which a con- 
fiderable part of the acid muft have frozen ; fo that in all pro- 
bability the acid, whofe freezing point was found to be — 30% 
was in reality ^ part ftronger than that whofe freezing point 
was — 1 9 . 

If this reafoning be juft, the freezing point of thefe acids is 
as follows.: 

Freezing 
point. 



Dephlogifticated fpir.it of nitre, whofe ftrength 



,56 
>53 

A37 
Common fpirit of nitre, whofe ftrength = j 



■{ 



-30" 
-19 
- 4f 
-3*1 



On the Vhanomena objerved on mixing Snow with thefe Acids, 

13. On Dec. 13, fnow was added to the fpirit of nitre N° 
168, as recommended in Art. 2. The fnow was put in very 
gradually, and time was taken to find what effect each addition 
had on the thermometer and mixture, before more was added. 
The temperature of the acid before the mixture was - 27 , and 
each addition of fnow raifed the thermometer a little, till it 
irofe to - i° \ ; after which the next addition made it fink to — 2 , 
which fliewed that fufficient fnow had then been added. The 

quantity 
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quantity of fnow xifed was pretty exa&ly 4-s °f tne weight of 
the acid, the weight of the acid being 13 oz. fo that the 
ftrength of the diluted acid was reduced to ,41 1. 

The acid before the addition of fnow had no %ns of freez- 
ing, its temperature being in all probability much above its 
freezing point ; yet the fnow did not appear to diflblve, but 
formed thin white cakes, which however did not float on the 
furface, but fell to the bottom, and when broke by the fpa- 
tula formed a gritty fediment ; fb that it appears, that thefe 
cakes are not limply undiflblved fnow, but that the adjoining 
acid abforbed fo much of the fnow in conta£t with it, as to- 
become diluted fufficiently to freeze with that degree of cold,, 
and then congealed into thefe cakes. The quantity of con- 
gealed matter feeras to have kept increasing till the end of the 
experiment. 

14. On Dec. 21, an experiment was made in the fame 
manner with the dephlogifticated fpirit of nitre N° 27. The 
acid began to freeze in pouring it into the jar in which the 
mixture was to be made, and flood ftationary there at - 19°, as 
related in Art. 6. ; fo that the liquor at the beginning of the 
experiment was white and thick, which made the efFeft of the 
addition of the fnow lefs ienfible. However, the congealed 
matter conftantly fubfided to the bottom, and the quantity 
feems- to have continued increafing to the end of the experi- 
ment. The heat of the mixture rofe to - 4 before cold began 
to be produced, and the quantity of fnow added was T "-s- °£ 
that of the acid, fo that the ftrength of the acid was reduced 
to ,437 by the dilution. 

A very remarkable circumflance in this experiment is, that 
the acid, while the fnow was adding, firfl became of ayel- 

lawifhy. 
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lowlfli, and afterwards of a greeniSh or bluim hue. This 
colour did not go off by landing*, but continued at leaft ten; 
days, during which time the acid .constantly kept that colour* 
except when by hafty freezing it ihot into Small filaments, in 
which cafe it put on the white appearance which thefe acids 
always affumed under thofe circumftances ; but once that by 
gradual freezing it mot into transparent lee, this ice was- of a 
bluiSh colour. 

It is difficult to conceive what this colour fhould proceed 
from. Spirit of nitre is well known to affume this colour 
when much phlogifticated and properly diluted ; but one does 
not fee why it mould become phlogifticated by the addition of 
the fnow, and Still lefs why the dephlogifticated acid fhould 
become more phlogifticated thereby than the common acid did; 
for though it is not extraordinary, that a procefs not capable 
of producing any increafe of phlogiftication in the Common 
acid, fhould make this as much phlogifticated as that, yet it is 
very extraordinary that it Should make it more fo. No notice 
is taken of any efFervefcence or difcharge of air while it was 
afluming this colour, nor was it obferved that it became more 
fmoking thereby, or that the top of the phial in which it was 
kept became full of red fumes, as might naturally be expected 
if it was rendered much phlogifticated. Thefe are circum- 
ftances which, considering Mr. M c Nab's great attention, to fet 
down all the phenomena that occurred, I Should think would 
Jiardly have been omitted if they had really happened. 

15. It is remarkable, that in both thefe experiments the 
addition of fnow produced heat, until it arrived pretty exactly 
at what was found to be the freezing point of the diluted acid ; 
but that as foon as it arrived at that point, the addition of 
more fnow began to produce cold. This can hardly be owing 

merely 
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merely to accident, and to both acids having happened to be of 
that precife degree of heat before the experiment began, that 
their heat after dilution mould coincide with the freezing point 
anfwering to their new ftrength. The true caufe feems to be 
as follows. It will be fhewn in Art. 16. and 17. that the 
freezing point of thefe acids, when diluted as in the foregoing 
experiments, is much lefs cold than when they are considerably 
more diluted ; and it was before mewn to be much lefs cold 
than when not diluted ; fb that there mufl be a certain degree 
of ftrength, not very different from that to which thefe acids 
were reduced by dilution,, at which they freeze with a lefs 
degree of cold than when they are either ftronger or weaker. 
Now in thefe experiments, the temperature of the liquors be- 
fore dilution was below this point of eafieft freezing, and a great 
deal of the acid was in a ftate of congelation all the time of 
dilution; the confequence of which is, that when they were 
diluted to the ftrength of eafieft freezing, they would alfo be 
at the heat of eafieft freezing; for they could not be below 
that point, becaufe, if they were, fo much of the acid would 
immediately freeze as would raife them up to it; and they 
could not be above it, for, if they were, fo much of the con- 
gealed acid would diflblve as would fink them down to it. 
After they were arrived at this ftrength of eafieft freezing, the 
addition of more mow would produce cold, unlefs this ftrength 
be greater than that at which the addition of a fmall quantity 
of mow begins to produce cold ; but even were this the cafe, 
heat would not be produced, but the temperature of the acids 
would remain ftationary until they were fo much diluted that 
the addition of more fnow mould produce cold. So that, in 
either cafe, the heat of the acids, at the time that the addition 
of frefh mow began to produce cold, muft be that of eafieft 
Vol. LXXVI. JL I freezing- 
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freezing ; and confequently, as this heat was found to coincide 
very nearly with the freezing point of thefe acids, after dilu- 
tion,, it follows that their ftrengths at that time could differ 
very little from the ftrength of eafieft freezing. 

If the temperature of theliquors at the beginning of the experi- 
ment had been above the point of eafieft freezing, none of the acid 
would have congealed during the dilution, and nothing could 
have been learnt from the experiment relating to the point of ea- 
fieft freezing ; but the heat would have kept increasing, till the 
acid was diluted to that degree of ftrength at which the cold pro- 
duced by the diflolving of the fnow was juft equal to the heat 
produced by the union of the melted fnow with the acid * ; 
after which the addition of more fnow would begin to produce 
cold. When I recommended this method of finding the beft 
ftrength of fpirit of nitre for producing Cold, by the addition 
of fnow, I was not aware of any impediment from the freez- 
ing of the acid, in which cafe it would have been a very pro- 
per method; but on account of this circumftance it can hardly 
be confidered as fuch, except when the cold Of the acid at fet- 
ting out is lefs than that of eafieft freezing. 

In the dephlogifticated fpirit of nitre the freezing points 
anfwering to the ftrength of ,434, ,$$, and ,56, were faid to 
be -4°f, - 1 9 , and -30 ; and the differences of -3o°and 
— 19 from -4°| are to each other very nearly in the 
duplicate ratio of ,126 and ,096, the differences of the cor- 
refponding ftrengths from ,434 ; which, as ,434 is the ftrength 
of eafieft freezing, is the proportion that might naturally be 

* In the experiment related in my obfervations on Mr. Hctchins's Experi- 
ments, this ftrength was rather greater than that of eafieft freezing : but whether 
it is fo in degrees of cold exceeding that in which my experiment was tried, does 
not appear. 

4 expe&ed, 
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expe&ed, and confequently ferves in fome meafure to confirm 
the reafoning in this and the 12th Article. 

16. After Mr. M c Nab had diluted thefe acids as above- 
mentioned, he divided each of them into two parts, and tried 
what degree of cold could be produced by mixing them with 
mow. On January 15th, one of thefe parts of the common 
fpirit of nitre was tried. It was fluid when the experiment 
began, though its temperature, as well as that of the fnow, 
was — 2i°|; but on adding fnow it immediately began to 
freeze, and grew thick, and its heat increafed to - 2°| ; but by 
the addition of more fnow it quickly funk again, and at laft 
got to — 43° I • During the addition of the fnow, the mixture 
grew thinner, and by the time it arrived at nearly the greateft 
degree of cold, confifted vifibly of three parts ; the loweft 
part, which confifted of frozen acid, was white and felt 
gritty ; the upper part, which occupied about an equal fpace, 
was alfo white, but felt foft, and muft have confifted of un- 
melted fnow ; the other part, which occupied by much the 
fmalleft fpace, was clear and fluid. The quantity of fnow 
added was about T 9 T of the weight of the acid, and confe- 
quently its ftrength was reduced to ,243. 

Though fnow was added to the acid in this experiment as 
long as, and even longer than, it produced any increafe of 
cold, yet fome days after, on adding more fnow to the mix- 
ture, while it was fluid, and of the temperature of — 43°!, 
the cold was increafed to - 44° J, or 1 degree lower than before. 
Mr. M c Nab did not perceive the fnow to melt, though in all 
probability fome muft have done fo, or no cold would have 
been produced. 

The caufe of this feems to be, that in the preceding expe- 
riment the congealed part of the acid was ftronger than the 

LI 2 fluid 
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fluid part ; fo that, though the-fluid part was not ftrong enough 

to diflblve fnow hi a cold greater than - 43°!, yet the whole 

acjd together was flrong enough to do it in a cold one degree; 

greater. 

A circumftance occurred in the laft experiment which I can- 
not at all fee the reafon of;, namely., a fixiall part of the acid 
.being poured into a faueer, before the addition of the fnow, it 
was in an hour's time changed into folid ice, though the cold? 
of the air, at the time the acid was poured out, was only - 4i°|» 
and does not feem' to have increafed during the experiment. 

17. On December 30, the other half of the fame acid had 
been tried in the fame manner;, at the beginning of the experi- 
ment not more than one-ninth part of the acid was fluid, the 
reft folid clear ice ; its temperature was - 34°|, and that of 
the fnow nearly the fame; the greateft degree of cold produced; 
was - 42°! ; and the quantity of fnow employed was about 
one- eighteenth of the weight of the acid ; fo that theftrength 
of the mixture was ,38.. The freezing point of the acid thus; 
diluted appears to be about - 45°^ ; for by the increafe of 
warmth during the day-time, mod of the congealed matter 
diflblved ; but in the evening it began to freeze again, fo as to 
become thicker, its temperature being then -^45°!,; and the 
next morning it was frozen folid,. its cold being one degree 
greater. 

18. On December 12, the diluted fpirit of nitre N° 139. 
whofe flrength was ,175, was found frozen, its temperature 
being - 17. The fluid part, which was full of thin flakes of 
clear ice, and was of the confrflence of fyrup, was decanted^ 
into another bottle, and fent back. Its flrength was ,21, and; 
was greater than that of the undecanted part in the proportion 
©f ,21 to ,16 ; fo that, as not much of the undecanted part was 

2 really 
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really congealed, the frozen part of the acid mu ft have been 
much weaker than the reft, if not mere 1 water. Accordingly, 
during the melting of the undecanted part, the frozen particles 
fwam at top. Mr. M c Nab- added fnow to a little of the de- 
canted liquor, but it did not diflblve, and no; increafe of cold 
was produced. 

1.9. From thefe experiments it appears, that fpirit of nitre is 
fubject to two kinds of congelation^ which we may call the 
aqueous and. fpirituous ; as- in the firft it is chiefly, if not in- 
tirely, the watery part which freezes, and in the latter the 
fpirit itfelf. Accordingly-, when the fpirit is cooled to the point 
@f aqueous congelation^ it has no tendency to diflblve fnow and 
produce cold thereby, but on the contrary is difpofed to part 
with its own-water ; whereas its tendency todiflblve fjhow and' 
produce cold* is by no means deftroyed by being, cooled to the 
point of fpirituous congelation, or even by being actually con*- 
gealed* When the acid is exceffively dilute, the point of 
aqueous congelation muft neceffarily be very little below that 
of freezing- water; when the ftrength is ,21, it is at - 1.7 ,, 
and at the ftrength of ,243, it feems, from Art. 16. to be at 

— 44°|. Spirit of nitre, of the foregoing degrees of ftrength,, 
is liable only to the aqueous congelation, and it is only in. 
greater ftrengths that the fpirituous congelation can take place; 
This feems to be performed with, the leaft degree of cold, when 
the ftrength is ,411, in which cafe the freezing point is at 

— i°|. When the acid is either ftronger or weaker, it requires 
a greater degree of cold ; and in both cafes the frozen part, 
feems to approach nearer to the ftrength of ,41 i than the un- 
frozen part; it certainly does fo, when tile ftrength is greater 
than ,411, and there is little doubt but what it does fo in the 
©ther: cafe. At the ftrength of ,54 the point of fpirituous* 

congelation.; 
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congelation is 3i <5 £, and at ,33 probably -45*! ; at leafi: one 
kind of congelation takes place at that point, and there is little 
doubt but that it is of the fpirituous kind. In order to prefent 
this matter more at one view, I have added the following 
table of the freezing point of common fpirit of nitre anfwering 
to different ftrengths. 



Strength. 



»5* 

,411 

,38 



Freezing 
point. 



-3' 1 * ] ... 

- if* I fpirituous congelation. 

-45f J 
J243 - 44* J a q Ueous congelation. 

20. In trying the firft half of the dephlogifticated fpirit of 
nitre^ the cold produced was — 44°!,. The acid was fluid be- 
fore the addition of the fnow, and of the temperature of — 30 , 
but froze on putting in the thermometer, and rofe to - 5% as 
related in Art. 7. 

In trying the fecond part, the acid was about o° before the 
addition of the fnow, and therefore had no difpofition to freeze. 
The cold produced was — 42°! . 

As the quantity of fnow added in thefe experiments was not 
obferved, they do not determine any points of aqueous or fpi- 
rituous congelation in this acid ; but there is reafon to think, 
that thefe points are nearly the fame as thofe of common fpirit 
of nitre of the fame ftrength, as the cold produced in thefe 
experiments was nearly the fame as that obtained by the corn* 
mpn fpirit of nitre, 

* The point of eafiefl; freezing. 

On 
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On the Vitriolic Acid. 

21. On December 12, the ftrong oil of vitriol N° 151. was 
found frozen, and was nearly of the colour and confidence of 
hogs-lard. Its temperature, found by preffing the ball of a 
thermometer into it, was — 15 , and that of the air nearly the 
fame ; but in the night it had been expofed to a cold of — 22 . 
It diflblved but flowly on being brought into a warm room, 
and was not completely melted before it had rifen to -h 20 , 
and even then was not very fluid, but of a fyrupy confidence. 
During the progrefs of the melting, the congealed part funk to 
the bottom, as in fpirit of nitre ; and many air bubbles fepa- 
rated from the acid, which, when it was completely melted, 
formed a little froth on the fur face. As foon as it was fuffi- 
ciently melted to admit of it, which was not till it had rifen 
to the temperature of + 1 o% the fluid part was decanted, and 
both were fent home to be examined. 

It is remarkable, that the frozen part did not hitirely diflblve 
until the temperature was fo much increafed. This would in- 
cline one to think, that the frozen part muft have differed in 
fome refpect from the reft, fo as to require much lets cold to 
make it freeze; but yet I could not find that the ftrength of 
the decanted part differed fenfibly from the reft. 

It appeared by another bottle of oil of vitriol, which alfo 
froze by the natural cold of the air, that this acid, as well as 
the nitrous, contracts in freezing. 

22. On December 21, when -the .weather was at — 30% the 
vitriolic acid N° 103. was dilute^ with fnow, as directed in 
Art. 3. The fnow diftolved immediately, and no figns of 
congelation appeared during any part of the procefs. The 

temperature 
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terrmerature of the acid rofe only one degree before it began t9 
'link, 'and the weight of the fnow added was only -r 1 -/-. of that 
■of the acid, fo that ks ftrength was reduced thereby to ,605 ; 
which is -therefore the beft degree of ftrength for producing 
'coldby the addition of fnow, when the degree of cold fet out 
with is — 30 . This ftrength is one-fifteenth part lefs than 
what I found myfelf, by a fimilar experiment, when the tem- 
perature of the acid was + 27 ; which mews, that the beft 
degree of ftrength is rather lefs, when the degree of cold fet 
out with is great than when fmall, but that it does not differ 
much. 

23. The acid thus diluted was divided into two parts, and 
the next day Mr. M c Nab tried what degree of cold could be 
produced by adding fnow to one of them. The temperature 
of the air at the time was - 39 , and the mixture funk by the 
procefs to — $$°l. The fnow difiblved readily, and the mix- 
ture did not lofe much of its. fluidity until it had acquired 
nearly its greateft degree of cold, nor did any congealed mat- 
ter fink to the bottom in any part of the procefs. The quan- 
tity of fnow added was about -rVV of the weight of the acid, 
fo that the ftrength of the mixture was about ,325. 

24. On January 11 , thin cryftals of ice were found diffufed 
all through, this mixture, the . temperature of the air being 
— 5 ; i°l» but that of the liquor was not tried. As this conge- 
lation muft have been of the aqueous kind, and feems to have 
taken place at the temperature of - 5 1 °f, > it mould follow, that 
this acid had no power of diffolving fnow in a cold of $i°i ; fo 
that it does not at firft appear why a cold four degrees greater 
than that Ihould have been produced in the foregoing experi- 
ment. The reafon is, that at the time the mixture arrived 
at - 5 5 1, it appeared by the diminution of its fluidity to have 

contained 
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Contained fome undiflblved fnow, and fome more was added to 
it after that time, which before the firft of January diflblved 
and mixed with the acid ; fothat the acid in the mixture, at the 
time it funk to*- 55°!, was not quite fo much diluted as that 
which froze on January 1, This is the reverie of what hap- 
pened in the trial of the nitrous acid in Art. 1 5. as in that 
experiment the fluid part, at the time of the greater! cold, was 
weaker than the whole mixture together; but it muft be con- 
fidered, that that mixture contained much congealed acid, as 
well as undiflblved fnow, whereas this contained only the latter. 

25. On January 1, fnow was added to the other half of the 
acid diluted on December 21. The cold produced was much 
greater than before, namely — 68°| ; this feems to have pro-? 
ceeded, partly from the air and materials having been 1 2 degrees 
colder in this than in the former experiment, and partly from 
the fnow having been added fafter, fo that the mixture arrived 
at its greateft degree of cold in 20', whereas it before took up 
46'. Another reafon is, that the former mixture was made in 
too fmall ajar, in confequence of which it was poured into, a 
larger before the experiment was completed, whereby fome 
cold was loft. The quantity of fnow ufed in this experiment 
was lefs than in the former, fo that the ftrength of the acid 
after the experiment was about ,343. The mixture alfo grew 
much thicker, and had a degree of elafticity refembling jelly ; 
but whether this was owing only to more fnow remaining 
undiflblved, or to any other caufe, I cannot tell. 

26. Great as the foregoing degree of cold is, Mr. M c Nab, 
on February 2, produced one much greater. In hopes of ob- 
taining a greater degree of cold by previoufly cooling the ma- 
terials, he cooled about feven ounces of oil of vitriol, whofe 
ftrength was ,629, that is, rather ftronger than the foregoing, 

Vol. LXXVI. M m " " by 
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by placing the jar in which it was contained in a freezing mix- 
ture of oil of vitriol and mow; the mow intended to be ufed 
was alfo cooled by placing it under the vefFel in which the 
freezing mixture was made. As ibon as the acid in the jar 
was cooled to the temperature of - $J°i, a little of the fnow 
was added, on which it immediately began to freeze, and rofe 
to — 36 ; but in about 40 minutes, as the jar was ftill kept iiiithe 
freezing mixture, it funk to — 48 ; by which time it was- 
grown very thick and gritty, especially at bottom. More of 
the cooled fnow was then added, which in a fhort time made 
it link to — 78°!, and at the fame time the thicknefs and tena~ 
city of the mixture diminifhed ; fo that by the time it arrived 
at the greatefr. degree of cold, very little thicknefs remained. 

It is worth inquiring, what was the reafon of the greater 
degree of cold produced in this than in the preceding experi- 
ment ? It could not be owing to the materials being colder £ 
for at the time of the fecond addition of fnow, at which time the 
experiment may be confidered to have begun r the acid was not 
colder than at the beginning of the preceding experiment, and 
the fnow in all probability not much colder. ' It could not be 
owing neither to the jar having been kept hi the freezing mix- 
ture : for though that mixture was three or four degrees colder 
than the air in the preceding experiment, yet the acid inthejar,, 
before it acquired much addition of cold, would be robbed 6f its 
cold fafter by the mixture than it would by air of the feme 
temperature as that in the preceding experiment-. ' Neither could 
k proceed from any difference in the ftrength of the acidi for 
what difference there was muft have done more hurt than good. 
The true reafon is, that the acid was in a ftate 'of congelation :, 
for as the congealed acid united to' the fnow and became fluid by 
the union, it is plain, ' that cold mtrfl: have been produced both 

by 
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fcy the melting of the fnow and by that of, the acid ; whereas, if 
the acid had been in a fluid ftate, cold would have been pro- 
duced only by the firft caufe, and confequently a r greaj:ej- de- 
gree of cold mould be produced in this experiment than in the 
former. The only inconvenience attending the acid being 
in a ftate of congelation is, that in all probability it does not 
unite to the mow fo readily as when in a fluid ftate ; but the 
difference Teems not material, as the cold was produced, and 
the materials melted, in 5 minutes- 

27. The day before, Mr. M c Nab, by adding fnow to fome 
of the fame acid in the ufual manner, when the cold of the 
materials was — 46 , produced a cold of only -66°. 

28. 'In thefe four laft experiments the acid was reduced, by 
the addition of the mow, to the ftrengths of ,325, ,343, ,403, 
and ,334 j and the cold produced in them was before faid t,o 
De - 55°§» - 68°i, - 78°! , and - 66° ; whence we may con- 
clude, that thefe are nearly the points of aqueous congelation 
anfwering to the foregoing ftrengths ; only it appears, from 
what was faid in Art. 24. that the ftrengths here fet down are 
all of them rather too fmall. 

Though it is certain that oil of vitriol is capable of the fpi- 
rituous congelation, and though it appears, both from the fore- 
going experiments and from fome made by the Due d'Ayen * 
and by M. de Morveau +, that it freezes with a lefs degree of 
cold when ftrpng than when much diluted, it is not certain 
whether it has any point of eafieft freezing, like fpirit of nitre, 
or whether the cold required to freeze it does not continually 
diminifh as the ftrength increafes, without limitation ; but the 
latter opinion is the moft probable. For the Due d'Ayen's and 

* Di&ion. de Chym. par Macqjier, z ie edit. 

f Nouv. Mem, de l'Academ. de Djjon, 1782, i ,r femeftre, p. 68* 
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M. de Morveau's acids, which, as they were concentrated oh 
purpofe, were moft likely ftronger than Mr. M c Nab's, froze 
with a cold lefs than zero of Fahrenheit ; whereas the 
freezing point of Mr. M c Nab's undiluted acid, whofe ftrength 
was ,98, was — i5°,and that of the diluted acid, whofe ftrength 
was ,629, was — 36°; and when the acid was more diluted, it 
was found to bear a much greater cold without freezing. It 
appears alfo, both from Art. 21. and from M. de Morveau's 
experiment, that during the congelation of the oil of vitriol, 
fome feparation of its parts takes place, fo that the congealed 
part differs in fome reipect from the reft, in conference of 
which it freezes with a lefs degree of cold ; and as there is 
reafon to think from Art. 21. thatthefe two parts do not differ 
much in ftrength, it feems as if the difference between them 
depended on fome lefs obvious quality, and probably on that, 
whatever it is, which forms the difference between glacial 
and common oil of vitriol. The oil of vitriol prepared from 
green vitriol, has fometimes been obtained in fuch a ftate as to 
remain conftantly congealed, except when expofed to a heat 
confiderably greater than that of the atmofphere, whence it 
acquired its name of glacial *. It is not known indeed upon 
what this property depends, but it is certainly fbmething elfe 
than its ftrength; for oil of vitriol of this kind is always 
fmoking, and the fumes it emits are particularly oppreffive 
and fuffocating, though very different from thofe of the vola- 
tile fulphureous acid. On rectification likewife it yields, with 
the gentleft heat, a peculiar concrete fubftance, in the form of 
faline cryftals ; and after this volatile part has been driven off, 

* Mini, de 1'Academ. des Sc. 173S, p. 28S. 
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the remainder is no longer fmoking, and has loft its glacial 
quality *. 

On the Mixture of Oil of Vitriol and Spirit of Nitre. 

29. This mixture is not fo fit for producing cold by the adV 
dition of fnow, as oil of vitriol alone ; for the cold obtained 
did not exceed — 54°!, in either of the experiments tried with 
it. The point of fpirituous congelation of this mixture, when 
diluted with fomewhat more than one-tenth of its weight of 
water, is about - 20 , and is much lower when the acid is con- 
fiderably more diluted : but as the Society will moft likely have 
lefs curiofity about the difpofition to freeze of this mixture 
than of the limple acids, I mall fpare the particulars. 

On the Spirit of Wine. 

30. The rectified fpirits N° 8. were diluted with fnow, in 
the fame manner as the other liquors ; but were found not to 
want any, as the firft and only addition of fnow produced 
Cold. The quantity added was about ^ of the weight of the 
fpirit. 

31. The fpirit thus diluted was divided, like the other 
liquors, into two parts, and each tried feparately. The 
firft was at - 45% before the addition of the fnow, and was 
funk by theprocefs to .— 56V The fnow, even at the firft ad- 
dition, did not diflblve well, fo that the fpirit immediately 

* Crell's Neu. Entdeck. in der Chemie, Th. n. p. 100. Th. 12. p. 241, 
Sue. and Annalen, 1785, St. 5. p. 438, &c, 

3 became 
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became full of white fpots*; and grew thick by the time it 
arrived at its greateft degree of cold. After {landing forne 
hours, the mixture rofe to the temperature of — 39 , and was 
grown clear, but yet was not limpid, but of the confidence of 
fyrup. No cold was produced by adding fno'w to it in that 
rfate, though it appeared that its point of aqueous congelation 
was at leafl: 6 degrees lower than its temperature at that time -f; 
which feems to mew that fpirit of wine has fcarce any power 
of diflblving fnow ; when it wants even 6 degrees of its point of 
aqueous congelation, and therefore is another ihftance that 
fnow is diffolved much lefs readily by fpirit of wine than by 
the nitrous and vitriolic acids. 

"32. In trying the other part of the diluted fpirits, the cold 
produced was only - 47°!, the cold fet out with being -=-37*. 

33. It appeared by the diluted fpirit of wineN 143. which 
on December 12 froze by the natural cold of the atmofphere, 
and was treated in the fame manner as the diluted fpirit of 
nitre, that when highly rectified fpirit of wine, fuch as N° 8. 
is diluted with i^ its weight of water, its point of aqueous 
congelation, will be at - 21°. The congealed part of the fpirit 
was white.like diluted milk, and even the decanted part, which 
was full of thin films of ice, had a milky hue. The" fluid 
part was ftronger than the reft, and no increafe of cold was 
produced by adding fnow to fpme of it, both of which are 
marks of aqueous congelation. 

* This was not the cafe during the above-mentioned dilution of the fpirits; 
but the cold was 16 degrees 'lefs in that experiment than in this. 

f On account of the dilution which the fpirits fuffered by the melting of the 
fnow which remained undiflblved at the time of the greateft cold, its point of 
aqueous congelation was no longer fo low as —56° ; but it ftill was not lefs than 
— 45i» as in the evening it was found at that temperature, without much con- 
gealed matter in it. 

7 Though 
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Though the foregoing experiments confirm the truth of 
what I laid, in the account of Mr. Hut chin s's experiments, 
concerning the caufe of the cold, produced ,by mixing fnow 
with different liquors, and intirely clear up the difficulty re- 
lating to it which I mentioned in Art. 1. yet (everal queftions 
may naturally occur; fuch as, why the cold produced by the 
oil of vitriol was fo much greater than that obtained by the 
fpirk of nitre, notwjthftanding that in warmer climates the 
nitrous acid feems. to. produce more cold ? and why the 1 cold 
produced by the nitrous acid, notwithftanding its 'j£revitftis'ffil&- 
tion, which might naturally t>e"expe£ted f td 3 be of ^vTce^-was 
not greater than has been obtained by other perfSns^witRout 
that precaution ? But as this would lead me into difquifitions 
of confiderable length, without my being able to fay any 
thing very fatisfa&ory on the fubjecl:, I fhall forbear entering 
into it. I will only obferve, that in mod of the foregoing 
experiments, Mr. M c Nab would probably have produced 
more cold, if he had added the mow fafter. We ought 
not, however, to regret that he did not, as its effects on the 
acids would then, have been lefs fenfible. 

The natural cold, when thele experiments were made, is re- 
markable ; as there were at leaft nine mornings in which the 
cold was not lefs than that of freezing mercury ; four in which 
it was at leaft eight degrees below that point, or -47 ; and 
one in which it was — 50 . Whereas out of nine winters, 
during which Mr. Hut chins obferved the thermometer at 
Albany Fort, there were only twelve days in which the cold 
was equal to that of freezing mercury, and the greateft cold 
feems to have been -45 . I cannot learn whether the lait 
winter was more fevere than ufual at Hudfon's Bay ; or whe- 
ther Henley-Houfe is a colder fituation than Albany, which 

may 
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may perhaps be the cafe; forthough it is only 130 miles diftant 
from it, yet it (lands inland, and to the W. or S.W. of it, 
which is the quarter from which the coldeft winds blow. 



Mr. M e Nab's original account Of the experiments which 
furniftied the materials of this Paper, having been thought too 
long to be printed in detail, is depofitfed in the Archives of 
the Society. 
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